Abstract Recent reports have shown
Introduction
Myeloid-derived suppressor cells (MDSC) have been observed to accumulate in many cancer models, including Lewis lung carcinoma (3LL), murine colon carcinoma (CT26), the highly metastatic breast carcinoma 4T1, the neu? breast carcinoma MMC, and B16 melanoma [1] [2] [3] [4] . Patients with renal cell carcinoma, melanoma, head and neck cancer, and breast cancer had increased MDSC [5] [6] [7] [8] [9] . Importantly, increases in the circulating levels of MDSC correlate with clinical cancer stage and metastatic burden of breast cancer [9] . In pre-clinical studies, it has been documented that MDSC can cause downregulation of the T cell receptor (TCR) zeta chain, and may explain reduced TCR zeta chain expression in patients with breast cancer, melanoma, and gastric cancer [10] [11] [12] [13] . A correlation between tumor burden and increased MDSC suggests that tumor-derived factors may cause accumulation of MDSC in cancer patients. Pan et al. found that abrogating the secretion of stem-cell factor, or blocking its receptor, c-Kit, reduced MDSC expansion in mice bearing MCA26 colon carcinomas [14] . In a transgenic model of breast carcinoma which expresses the activated form of the HER-2/neu oncogene, VEGF serum levels were found to correlate with tumor multiplicity and progression, as well as accumulation of MDSC [15] . GM-CSF has also been linked to the accumulation of MDSC in humans, where a correlation was made between the levels of circulating CD34? myeloid cells in patients with head and neck carcinoma and the ability of the tumor cells to secrete GM-CSF [16] . However, bone marrow progenitor cells which are differentiated into MDSC by GM-CSF remain elusive. Interestingly, a review compiling the results from multiple clinical trials using GM-CSF has found that the dosage of GM-CSF was paramount, with lower doses (40-80 lg) eliciting an immune response, whereas higher doses showed no advantage [17] . For example, melanoma patients receiving peptide vaccination along with either 100 or 500 lg doses of GM-CSF for 6 days showed a decrease in the induction of specific T cell responses [18] which was associated with increased levels of MDSC [19] . In a mouse model of melanoma, increasing the concentration of GM-CSF to the therapeutic dose of 1,500 ng/10 6 cells/24 h resulted in decreased survival and increased CD11b?Gr1? cells in multiple organs [20] . Ex vivo culture of bone marrow with GM-CSF has also been shown to generate MDSC, which suppressed allogeneic as well as OVA-specific CD4? and CD8? T cell responses [21] . However, there is no direct evidence identifying the progenitor MDCS in the bone marrow or the ability of GM-CSF as one of the major tumor-derived soluble factors responsible for differentiating CD11b-Gr1-bone marrow progenitor cells into CD11b?Gr1? MDSC that exhibit suppressor activity against tumor-specific T cells. There are also controversial reports on the CD11b?Gr1? subsets [2, [21] [22] [23] in different tumor models.
Materials and methods

Mouse model
Parental FVB (Jackson Laboratories) and FVBN202 transgenic female mice (Charles River Laboratories) were used between 6 and 10 weeks of age throughout these studies [24, 25] . These studies have been reviewed and approved by the Institutional Animal Care and Use Committee (IACUC) at Virginia Commonwealth University.
Tumor cell line
The MMC cell line was established from a spontaneous tumor harvested from an FVBN202 transgenic mouse as previously described [26] . MMC cells were maintained in RPMI1640 supplemented with 10% fetal bovine serum (FBS).
Flow cytometry
Flow cytometry analysis was performed as previously described by our group [3, 26] . Briefly, non-specific binding to Fc receptors was blocked with anti-CD16/CD32 antibody (Biolegend) for 20 min on ice. Cells were stained sequentially with antibody toward Ly6G (FITC, clone IA8), washed and then antibodies toward CD11b (PE, clone M1/70 Biolegend) and Gr1 (PE/Cy5, clone RB6-8C5 from Biolegend) were added. Cells were washed twice and fixed with 1% paraformaldehyde or were washed again in 1X Annexin V buffer (BD Pharmingen) and the Annexin V staining protocol was followed. Staining of whole blood was done by retro-orbital bleed and aliquoting of 50 9 10 6 whole blood cells per tube followed by blocking and staining as described above, and subsequent red blood cell lysis. We also used mouse antineu (Ab-4) Ab (Calbiochem, San Diego, CA) and PE antimouse Ig (Biolegend, San Diego, CA). Samples were run on a Beckman Coulter FC 500 and analyzed using Expo 32 software.
MMC-derived supernatants
MMC-derived conditioned medium (CM) was generated by culturing 10 9 10 6 MMC cells in 10 ml of medium for 24 h in RPMI1640 supplemented with 10% FBS. Supernatant was then collected and concentrated to a volume of 600 ll using 10 kDa molecular weight cut-off columns (Vivaspin). Concentrated supernatant was then injected intradermally into FVB mice (n = 3, 200 ll per mouse). Control medium with 10% FBS was prepared and concentrated in the same way in the absence of tumor cells. Injections were repeated once per day on 3 consecutive days; mice were then killed on day 4.
Multiplex cytokine array of MMC supernatants MMC cells were cultured at a concentration of 10 6 cells/ml for 24 h. Supernatants were collected and sent to Allied Biotech, Inc. for multiplex array analysis in a blinded fashion.
Cell sorting
Bone marrow cells were harvested from naïve FVBN202 mice and stained for surface expression of CD11b and Gr1 as described. Cells were sorted on a Cytomation MoFlo by gating on the monocyte/granulocyte region ( Fig. S1 ) and then sorting CD11b?Gr1? and CD11b-Gr1-cells. The CD11b?Gr1? cells were sorted into two major populations from the spleens of tumor-bearing mice by first staining with anti-Ly6G antibody, followed by anti-CD11b, and anti-Gr1 antibodies. Cells were gated on CD11b? cells, and this population was then sorted based on expression of Ly6G and Ly6C. Purity of sorted cells was consistently greater than 96%.
Culture of sorted bone marrow cells Sorted bone marrow populations (CD11b?Gr1? and CD11b-Gr1-) were cultured in six-well plates (1-2 9 10 5 cells/well) for a total of 6 days. GM-CSF (100 ng/ml), VEGF (50 ng/ml), or MCP-1 (50 ng/ml) were added directly to the culture medium on day 0 (all cytokines/ chemokines from Peprotech) or sorted cells were cultured in the bottom of a six-well dish with a 24 mm Transwell insert with a 0.4 lm pore size on top (Corning Life Sciences). To the Transwell insert, 0.1 9 10 5 MMC cells were added on day 0. On day 3, cells were split and fresh cytokine was added. Transwell inserts were discarded on day 3 and a fresh insert with 0.1 9 10 5 MMC cells was added.
In vitro T cell proliferation and BrdU labeling
Plates were coated with 1 lg/ml of anti-CD3 antibody (BD Pharmingen) and were washed twice with PBS after 24 h to remove any unbound antibody. Soluble anti-CD28 antibody (BD Pharmingen) was prepared in the culture medium at 1 lg/ml. Splenocytes (10 6 cells/ml in complete medium) were labeled by adding BrdU (5-bromo-2-deoxyuridine, BD Pharmingen) to a final concentration of 10 lM directly to the culture medium. Cells were plated at 2 9 10 5 cells/well and were allowed to proliferate for 72 h at 37°C, 5% CO 2 . Staining for BrdU was done using the FITC-conjugated anti-BrdU Flow Kit. Where indicated, sorted subsets of MDSC were added directly to the splenocytes (1 9 10 5 MDSC per well).
Cytotoxicity assay
Cytotoxicity assays were performed as previously described by our group [26, 27] . Briefly, neu-specific effector lymphocytes derived from MMC-sensitized FVB mice [26] were cultured with MMC at 10:1 E:T ratios in complete medium (RPMI 1640 supplemented with 100 U/ml penicillin, 100 lg/ml streptomycin, and 10% FBS) and 20 U/ml recombinant IL-2 (Preprotech) in six-well culture dishes. After 48 h, cells were harvested and stained for neu (anti-neu), Annexin V and PI according to the manufacturer's protocol (BD Pharmingen).
Statistical analysis
Graphical data are presented as averages with standard errors. Statistical comparisons between groups were made using the Student's t test with P \ 0.05 being statistically significant.
Results
MMC-derived soluble factors increases CD11b?Gr1? MDSC in tumor-free FVB mice
Inoculation of FVBN202 mice with MMC tumors increases MDSC in these animals [2, 3] . To determine if soluble factors released by MMC cells are entirely responsible for the increase in MDSC, MMC cells (10 9 10 6 cells/10 ml) were cultured for 24 h in RPMI1640 supplemented with 10% FBS. FVB mice (n = 3) were then injected intradermally with 200 ll of the concentrated supernatant. FVB control mice (n = 3) were injected intradermally with 200 ll of control medium alone. Figure 1a shows a significant increase in the proportion of CD11b?Gr1? MDSC in the spleens of mice injected with MMC-derived conditioned medium (CM) versus mice injected with medium alone (1.5% MDSC in medium-treated mice versus 7.3% MDSC in CM-treated mice, P = 0.002). A significant increase in MDSC was also seen in the blood, where control mice had 1.5% MDSC and CM-treated mice had 10% MDSC (P = 0.003), as well as in the bone marrow (29.3% MDSC in control mice versus 38.7% MDSC in CM-treated mice, P = 0.019). Animals did not show splenomegaly.
A multiplex array detecting IL-1b, IL-2, IL-4, IL-5, IL-6, IL-10, IL-12p40, IL-12p70, IL-13, IFN-c, TNF-a, GM-CSF, MCP-1, and VEGF was performed on MMCconditioned medium after a 24 h culture. We found that high levels of GM-CSF, VEGF, and MCP-1 were secreted by MMC (Fig. 1b) . Other cytokines were below detectable levels (data not shown).
GM-CSF is one of the major cytokines produced by MMC that induces hematopoietic cells to generate CD11b?Gr1? MDSC and supports their maintenance Bone marrow cells from naïve FVBN202 mice (6-8 weeks old) were sorted into two populations: CD11b?Gr1? cells and CD11b-Gr1-cells from within the gated monocyte/ granulocyte regions (Fig. S1 ). The purity of the sorted cells was [96% (Fig. 2a) . Sorted cells were cultured separately in the presence of GM-CSF (100 ng/ml), VEGF (50 ng/ml), MCP-1 (50 ng/ml), or MMC cells on top of a Transwell insert. We chose the concentration of GM-CSF based on the fact that such concentration is being used for the generation of mouse or human DC. Control wells were added with medium only. Figure 2b shows that the MMC-derived soluble factors or GM-CSF caused generation of CD11b?Gr1? from hematopoietic CD11b-Gr1-cells. Blocking of GM-CSF in the tumor-derived supernatant by means of antibody did slightly inhibit but did not completely abrogate generation of MDSC (data not shown). At the end of a 6-day culture 46.9 and 56.8% of cells were MDSC in the presence of MMC (P = 0.007 as compared to medium alone) and GM-CSF (P = 0.001 as compared to medium alone), respectively. VEGF or MCP-1 did not induce differentiation of CD11b?Gr1? cells from CD11b-Gr1-progenitor cells, and all cells died within a few days of culture (data not shown). Figure 2c shows that both GM-CSF (61%) and MMC (42.5%), supported the maintenance of CD11b?Gr1? cells when compared with medium alone (10.5%) (P = 0.013 and P = 0.006, respectively). Each cytokine/chemokine was also tested for the induction of proliferation in sorted CD11b?Gr1? cells using a BrdU kit, and it was determined that none could induce proliferation of MDSC exceeding the baseline level (data not shown).
Since GM-CSF is routinely used for the generation of DCs from unfractionated bone marrow cells in vitro, we sought to determine whether GM-CSF might also support MDSC in unfractionated bone marrow cells. We cultured unfractionated bone marrow cells from tumor-free FVBN202 mice in the presence of GM-CSF (100 ng/ml) for 6 days. As shown in Fig. 2d , 28% of total bone marrow cells derived from tumor-free FVBN202 mice were CD11b?Gr1? and 2% were CD11b?Gr1-cells. Six days after culture with GM-CSF, the majority of cells were CD11b?, of which 25.1% were CD11b?Gr1?. We then performed a suppression assay in vitro and determined that the CD11b?Gr1? cells from within the monocyte/granulocyte region on day 0 (Fig.  S1 ) did not suppress T cell proliferation when used at 2:1 GM-CSF significantly increases the viability of both newly converted and existing CD11b?Gr1? cells
Bone marrow cells were harvested as before and were sorted into CD11b?Gr1? and CD11b-Gr1-populations (Fig. S1 ). Cells were stained with Annexin V after sorting to determine the viability of each population just before culture. The double negative and double positive sorted populations contained 63.0 and 36.8% Annexin V positive apoptotic cells, respectively (Fig. 3a) . Cells were then cultured in conditions as described in Fig. 2 and were stained on day 6 with antibodies against CD11b and Gr1, and with Annexin V. As shown in Fig. 3b , GM-CSF significantly reduced the percentage of apoptotic CD11b? Gr1? cells as compared to the proportion of apoptotic cells in the presence of medium alone (18.7% vs. 92.3%, P = 0.00005). Annexin V levels were also reduced in MDSC cultured with MMC in Transwell as compared to those cultured in medium alone (58.3% vs. 92.3%, P = 0.024). Interestingly, apoptosis was significantly reduced when progenitor CD11b-Gr1-cells were cultured with GM-CSF as compared to those cells cultured with MMC in transwell (18.7% vs. 58.3%, P = 0.003). Figure 3c shows levels of apoptosis in previously generated MDSC after a 6-day culture in vitro. The CD11b?Gr1? sorted cells exhibited significantly reduced apoptosis when cultured with GM-CSF as compared to medium alone (38.8% vs. 91.1%, P = 0.0001). Annexin V positive MDSC were significantly reduced in the presence of MMC in Transwell as compared to medium alone (65.0% vs. 91.1%, P = 0.001). Apoptosis was also significantly reduced when comparing Annexin V positive CD11b?Gr1? cells in the presence of GM-CSF compared to those cultured with MMC in Transwell (38.8% vs. 65.0%, P = 0.003). Levels of apoptosis in CD11b?Gr1? cells on day 0 (Fig. 3a) were similar to those seen on day 6 after culture with GM-CSF (Fig. 3c ) (36.8% on day 0 vs. 38.8% on day 6), whereas CD11b-Gr1-cells cultured with GM-CSF showed decreased Annexin V levels on day 6 (Fig. 3b ) compared to day 0 (Fig. 3a) (63.0% on day 0 vs. 18.7% on day 6, P = 0.017). Therefore, GM-CSF seems to augment the survival of early stage MDSC as compared to late stage MDSC.
MMC-induced CD11b?Ly6G-Ly6C? subsets suppress T cell proliferation whereas CD11b?Ly6G?Ly6C? subsets display no suppressive activity in vitro Figure 4a shows a significant expansion of both the CD11b?Ly6G-Ly6C? and CD11b?Ly6G?Ly6C? fractions (P = 0.002 and P = 0.001, respectively) in the bone marrow of tumor-bearing mice (TB) as compared to tumorfree mice (TF). Both fractions expanded similarly in the bone marrow of tumor-bearing mice (3.2 fold expansion of CD11b?Ly6G-Ly6C? and 3.1 fold expansion of CD11b? Ly6G?Ly6C?). Expansion of both populations was also seen in the spleens of tumor-bearing mice as compared to tumor-free mice, but at drastically different proportions. Splenocytes from tumor-bearing mice showed as 23.6-fold increase in CD11b?Ly6G-Ly6C? as compared to splenocytes from tumor-free mice (P = 0.008), whereas CD11b?Ly6G?Ly6C? showed a drastic 64.2-fold increase in tumor-bearing spleens (P = 0.003) (Fig. 4b) . As shown in Fig. 4c-d (Fig. 4d ). Splenocytes cultured with sorted Ly6G-Ly6C? cells showed only 12.2% BrdU?CD8? T cells. Normalizing the proliferation in control splenocytes alone to 100% shows a 77% inhibition of proliferation in CD8? T cells cultured with Ly6G-Ly6C? cells from splenocytes alone (P = 0.006), whereas no significant inhibition of proliferation was seen in CD8? T cells cultured with Ly6G?Ly6C? cells (Fig. 4d) .
GM-CSF preferentially supports the generation of CD11b?Ly6G-Ly6C? subsets that convey suppressor activity
As shown in Fig. 5a , CD11b?Gr1? cells in the bone marrow on day 0 were comprised of 24% CD11b?Ly6G-Ly6C?, correlating with a suppressive phenotype and 69% CD11b?Ly6G?Ly6C? subsets, correlating with nonsuppressive phenotype. Interestingly, culture of the progenitor cells in the presence of GM-CSF resulted in a significant increase in the suppressive CD11b?Ly6G-Ly6C? subsets (24% vs. 48%, P = 0.025) and decrease in the non-suppressive CD11b?Ly6G?Ly6C? subset (69% vs. 13%, P = 0.011). Similar results were obtained in the presence of MMC (Fig. S3) . We then performed suppression and cytotoxicity assays in vitro. As shown in Fig. 5b , presence of GM-CSF-induced CD11b?Gr1? cells resulted in the suppression of T cell proliferation. The CD3/CD28 stimulation induced proliferation of CD4? and CD8? T cells up to 98%, as determined by BrdU incorporation. Addition of MDSC at 2:1 responder:suppressor ratios reduced proliferation of CD4? and CD8? T cells to 29.3 and 33.3%, respectively. We also used neu-specific lymphocytes derived from MMC-sensitized FVB mice and performed cytotoxicity assay against neu-positive MMC tumor cells in the presence or absence of CD11b?Gr1? cells that were generated by GM-CSF. As shown in Fig. 5c , while viability of MMC was reduced from 73 to 18% because of the presence of the neu-specific T cells, addition of MDSC to the culture protected MMC from apoptosis such that 47% of MMC remained viable (Annexin V-/PI-) despite the presence of neu-specific T cells. Due to the presence of CD11b?Ly6G-Ly6C? suppressor subsets in the bone marrow of tumor-free animals at lower ratios compared to these subsets in MDSC generated by GM-CSF (24% vs. 48%; Fig. 5a ), we hypothesized that CD11b?Gr1? cells of tumor-free animals are not intrinsically non-suppressive and their lower proportion masks their suppressor function. Therefore, using these CD11b?Gr1? cells at a higher ratio, in vitro, may reveal their suppressor function. We showed that the CD11b? Gr1? cells from tumor-free mice did not suppress T cell proliferation when used at 2:1 responder:suppressor ratios (Fig. S2) . Here, we also detected no suppressive activity even at a 1:1 ratio; however, increasing the number of CD11b?Gr1? cells over lymphocytes to a 1:2 ratio revealed their suppressor function. As shown in Fig. 5d , presence of the CD11b?Gr1? at 1:2 ratio inhibited proliferation of CD4? and CD8? T cells from 95 to 64 and 67%, respectively.
Discussion
We identified GM-CSF as one of the major tumor-derived soluble factors responsible for the generation and maintenance of CD11b?Gr1? cells from the CD11b-Gr1-fractionated monocytic/granulocytic bone marrow progenitor cells. However, soluble factors other than GM-CSF may also contribute to the generation of MDSC, because blocking of GM-CSF in the tumor-derived supernatant did not completely abrogate generation of MDSC (data not shown). In addition, GM-CSF had similar effects on unfractionated bone marrow cells, supporting MDSC that resulted in the inhibition of T cell proliferation, in vitro. We also identified two major subsets within CD11b?Gr1? cells in FVBN202 transgenic mice bearing neu? tumors as CD11b?Ly6G-Ly6C? being suppressive MDSC, and CD11b?Ly6-G?Ly6C? being non-suppressive. These subsets were also present in tumor-free mice at a different proportion, such that suppressor subsets were lower and non-suppressor subsets were higher as compared with those in tumor-bearing FVBN202 mice. Therefore, increasing the ratios of CD11b?Gr1? cells up to twofold over T cells resulted in the detection of their suppressor function. These data suggest a possible role for MDSC in the maintenance of immunological tolerance [28, 29] . MMC-derived soluble factors or GM-CSF supported the generation of suppressive CD11b?Ly6G-Ly6C? MDSC that inhibited T cell proliferation and suppressed tumoricidial activity of neu-specific T cells.
GM-CSF-secreting tumors and GM-CSF administration in vivo (5 lg twice daily for 3 days) have been implicated . Each control well was set at 100% and each experimental well was divided by its own corresponding control well and these numbers averaged and presented ±SEM in increased numbers of MDSC [30] . It was determined that only high-dose GM-CSF had such deleterious effects [20] , though differential effects of GM-CSF on progenitor cells versus existing MDSC were not determined. Our data indicated that sorted CD11b-Gr1-progenitor cells were more susceptible to the effects of GM-CSF on the generation and survival of MDSC compared to CD11b?Gr1? bone marrow cells. This may result from high turnover rates in MDSC such that previously generated MDSC are more prone to apoptosis than newly generated MDSC even in the presence of GM-CSF. Interestingly, the protective effects of GM-CSF on CD11b?Gr1? cells appeared to be dose-dependent, because culture with GM-CSF at 100 ng/ml caused a significant reduction in apoptosis as compared to MMC secreting lower GM-CSF at the concentration of 336 pg/10 6 cells/ml. It is therefore conceivable that, since GM-CSF has been found to be secreted in 31% of tested human tumor cell lines [30] , administering GM-CSF in the clinical setting may have an additive effect with tumor-secreted GM-CSF and therefore support the generation of MDSC from bone marrow progenitor cells, as well as maintaining existing populations of MDSC and driving the production of highly suppressive subsets of MDSC. However, in tumor-free patients or animals, injection of low-dose GM-CSF in vivo may not produce similar results as MMC supernatant because of short halflife of GM-CSF for producing sustained effects on the bone marrow progenitor cells. In addition, other cytokines in the MMC supernatant may have longer half-life and contribute in the generation of MDSC, as blocking of GM-CSF in MMC supernatant by means of antibody did not completely abrogate generation of MDSC from bone marrow progenitor cells. In fact, intradermal injection of GM-CSF with similar regimen as MMC supernatant did not produce similar results (data now shown). A recent review on the opposing effects of GM-CSF as an adjuvant in cancer patients also suggested activation and expansion of MDSC by endogenous tumor-derived or exogenous GM-CSF [17] . However, a study on patients with high-risk melanoma treated with adjuvant GM-CSF showed that GM-CSF mainly expanded DCs rather than MDSC [31] . Different observations may result from use of different markers used for identification of human MDSC. Although markers of MDSC in humans are not as well characterized as in mouse, we made similar observations in mice when using unfractionated bone marrow cells in culture with GM-CSF that supported both DC and MDSC while its effects on DC expansion was more pronounced. However, by performing suppression assays, we detected suppressive activity of these cells after a 6-day culture with GM-CSF. These data suggest revisiting the use of GM-CSF-expanded DCs for cell-based immunotherapy of breast cancer patients. Our findings are consistent with other reports showing that use of GM-CSF even at low doses, ex vivo, supported MDSC [21] . We showed in Figs. 2 and 3 that MMC supernatant and GM-CSF not only generated MDSC from BM progenitor cells but also supported maintenance of CD11b?Gr1? cells. These data suggest that an increase in MDSC in the spleen was due both to the generation from the BM progenitor cells and maintenance of the splenic MDSC. An increase in circulating MDSC in the blood also reflected the cells from both the BM and the spleen.
Recent evidence has pointed toward VEGF as an important mediator of myeloid cell accumulation and differentiation through the activation of STAT3 which has been shown to prevent the differentiation of myeloid cells [32] . Likewise, the link between the chemokine MCP-1 (CCL2) and elevated levels of detrimental tumor-associated macrophages in breast cancer patients made it a likely candidate for causing the generation of suppressive macrophage and/or MDSC populations [33, 34] . We have indeed observed a higher percentage of CD11b?Gr1-cells at the tumor site (unpublished observation), an effect that is recapitulated in Fig. 2b with sorted CD11b-Gr1-progenitor cells cultured with MMC in Transwell converting to 43.8% CD11b?Gr1-cells by day 6. However, neither sorted populations of progenitor cells nor MDSC responded to either VEGF or MCP-1 alone. GM-CSF, secreted at an average of 336 pg/10 6 cells/mL by MMC cells, is therefore one of the main determinant of MDSC generation and maintenance.
It has recently been reported that expression of Ly6G correlates with a granulocytic phenotype, while expression of Ly6C correlates with a monocytic phenotype [2, 22] . We report here that the tumor-bearing FVBN202 transgenic mouse model of HER-2/neu positive mammary carcinoma displays two phenotypes of CD11b?Gr1? cells. These subsets include CD11b?Ly6G-Ly6C? suppressive MDSC and CD11b?Ly6G?Ly6C? non-suppressive cells. These observations on CD11b?Gr1? subsets are consistent with those reported by Rossner et al. [35] and Lutz et al. [21] . Other reports have differed in regards to which subset exhibits greater expansion and/or suppressive function. Reports by Movahedi et al. using MDSC from mice bearing EG7 thymomas or BW-Sp3 lymphomas and Youn et al. using MDSC from mice with EL-4 thymomas have shown that both subsets of CD11b?Gr1? cells are suppressive against OT-1 splenocytes stimulated with specific peptide. However, neither group reported suppression against splenocytes stimulated with anti-CD3/CD28 [2, 22] . In contrast, we showed that the CD11b?Ly6G-Ly6C? MDSC subset from MMC tumor-bearing FVBN202 mice was highly suppressive against anti-CD3/CD28 stimulated splenocytes, while the CD11b?Ly6G?Ly6C? subset exhibited no suppressive activity. To the best of our knowledge, there is no report thus far on functional analyses of CD11b?Gr1?Ly6C? subsets, and we identified such non-suppressor subsets within CD11b?Gr1? cells. These reports suggest that CD11b?Gr1? subsets and their mechanism of function may vary in different cancers.
